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Abstract
Background: Urinary incontinence (UI) following radical prostatectomy is a well-recognized risk
of the surgery. In most patients post-operative UI improves over time. To date, there is limited
objective, quantitative data on the natural history of the resolution of post-prostatectomy UI. The
purpose of this study was to define the natural history of post radical prostatectomy incontinence
using an objective quantitative tool, the 1-hour standard pad test.
Methods: 203 consecutive patients underwent radical prostatectomy by a single surgeon between
03/98 & 08/03. A standardized 1-hour pad test was administered at subsequent postoperative clinic
visits. The gram weight of urine loss was recorded and subdivided into four groups defined
according to the grams of urine loss: minimal (<1 g), mild (>1, <10 g), moderate (10–50 g) and
severe (>50 g). Patients were evaluated: at 2 weeks (catheter removal), 6 weeks, 18 weeks, 30
weeks, 42 weeks and 54 weeks. The data set was analyzed for average urine loss as well as grams
of urine loss at each time point, the percentage of patients and the distribution of patients in each
category.
Results: Mean follow up was 118 weeks. The majority of patients experienced incontinence
immediately after catheter removal at 2 weeks that gradually improved with time. While continued
improvement was noted to 1 year, most patients who achieved continence did so by 18 weeks
post-op.
Conclusion: While the majority of patients experience mild to severe UI immediately following
catheter removal, there is a rapid decrease in leaked weight during the first 18 weeks following
RRP. Patients continue to improve out to 1 year with greater than 90% having minimal leakage by
International Continence Society criteria.
Background
Urinary incontinence is one of the most devastating and
feared complications of radical retropubic prostatectomy
(RRP). Incontinence following RRP has been reported to
occur in 2.5–87% of patients [1]. The wide range is the
result of a variety of factors including different definitions
of incontinence and methods of assessment. For example,
patient self reported incontinence appears to be greater
than that reported by physicians [2]. However, it has also
been shown that patients' estimates of incontinence sever-
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ity are inaccurate particularly when compared with more
objective measures of incontinence such as pad testing
[3,4].
While the majority of patients experience incontinence
immediately following RRP, in many this is transient,
with a gradual improvement over time [5,6]. For those
who fail to achieve adequate continence, treatments such
as the artificial urinary sphincter and male sling are avail-
able which can significantly improve continence and
quality of life. However, it is generally recommended that
one wait at least 6–12 months before proceeding with
these treatments because of the potential for spontaneous
improvement [7]. Yet this condemns those patients who
do not achieve continence to a prolonged period of incon-
tinence with resultant reduction in quality of life. Ideally,
one would like to be able to identify those patients who
are not likely to achieve continence early so that one can
intervene sooner. In order to do so, one needs to deter-
mine the natural history of incontinence after radical
prostatectomy. The purpose of this study is to document
the natural history of post-prostatectomy incontinence
over time using an objective measure of incontinence
assessment, the 1 hour pad test.
Methods
The accumulated pad test data (obtained prospectively)
was reviewed from the charts of 203 consecutive patients
who underwent radical retropubic prostatectomy (RRP)
by a single surgeon between 3/98 and 8/03. The Froedtert
Hospital Institutional Review Board granted approval for
the review. Patient demographics including age, pre-op
PSA, and clinical stage were recorded. An attempt at ana-
tomic nerve sparing radical prostatectomy using the
Walsh technique was performed in all patients with the
urethrovesical anastomosis performed in an intussus-
cepted fashion as described by See et al [8]. Patients were
instructed in pelvic floor exercises (verbally and with
hand-out) pre-operatively and again at the time of cathe-
ter removal, 2 weeks post-operatively. No additional
interventions were made (e.g. biofeedback). All patients
underwent standardized 1 hour pad tests as per the Inter-
national Continence Society to assess post-operative
incontinence (Appendix 1) [9,10]. These were performed
at 2 weeks (time of catheter removal), 6 weeks, 18 weeks,
30 weeks, 42 weeks, and 54 weeks post-operatively. The
gram weight of urine loss at each time point was recorded
for each patient. Severity of incontinence was categorized
according to the grams of urine loss as follows: minimal/
continent (≤1 g), mild (1.1–9.9 g), moderate (10–49.9 g),
severe (≥50 g) as per ICS recommendations. The percent-
age of patients in each category was calculated. Patients
who achieved less than 1 g on a pad test and then refused
to participate in subsequent evaluations were assumed to
have the same degree of incontinence on those subse-
quent visits for purposes of analysis.
Results
Patient age ranged from 40–72 years (mean 58) and pre-
op PSA ranged from 0.3–25.4 (mean 7.3). All had clini-
cally localized prostate cancer: 0.4% T1a, 1.6% T1b, 66%
T1c, 26% T2a, 6% T2b. Table 1 shows the mean pad
weight (i.e. weight of urine loss) of the entire population
over time. There was a rapid improvement in urinary con-
trol during the first 18 weeks post-RRP with a flattening of
the recovery curve beyond that point as demonstrated in
figure 1. Table 2 shows the percentage of patients in each
severity of incontinence category at each time point.
Again, the 18 week marker appears to be the time point
after which the majority of patients have achieved urinary
control such that at the 30 week assessment, 85% of
patients fit in the minimal incontinence category (<1 g of
leakage) and by 54 weeks, 91% of patients are in that cat-
egory. Only 2 patients developed anastomotic contracture
and both ended up with ≤1 g of leakage on final pad test-
ing.
Discussion
The causes of incontinence following radical prostatec-
tomy include urethral sphincter damage, alteration in
bladder function (e.g. detrusor overactivity) or a combina-
tion of both. However, most would agree, that sphincteric
incompetence is likely the predominant factor [11]. Fac-
tors that have been associated with an increased risk for
post-prostatectomy incontinence include: older age
[5,12], advanced stage [12], and the presence of anasto-
motic stricture [5]. While most patients experience tran-
sient incontinence after catheter removal, many studies
report an achievement of urinary continence in the major-
ity of patients that can take up to 2 years [5,6], although
Table 1: Mean Pad Weight on 1 hr Pad Test at Each Time Point
Time Mean Pad Wt. in Grams (range, SD)
2 weeks 36.7 (0–241.8, 40.5)
6 weeks 21.9 (0–226, 39.5)
18 weeks 5.6 (0–76, 14.2)
30 weeks 2.6 (0–80.4, 10.6)
42 weeks 2.8 (0–104.5, 14.1)
54 weeks 1.7 (0–71.1, 8.9)BMC Urology 2007, 7:2 http://www.biomedcentral.com/1471-2490/7/2
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in the majority this appears to occur within the first 6
months [13,14]. There is some evidence that nerve sparing
can improve continence rates [15]. All our patients under-
went an attempt at nerve sparing but we do not have the
data regarding the number with attempted unilateral ver-
sus bilateral nerve sparing nor regarding the actual success
of nerve sparing. Burkhard et al's data suggests there may
not be significant difference in continence outcome
between bilateral and unilateral nerve sparing (1.3% vs.
3.4% incontinence rates, respectively) but there was a sig-
nificant difference when compared to non-nerve sparing
(13.7% rate of incontinence) [15]. As such, our data needs
to be considered in light of the nerve sparing approach
and may not be generalizable to non-nerve sparing RRP.
Similar to other reports, our patients experienced a grad-
ual improvement in their incontinence based on 1 hour
pad testing such that by 16 weeks postoperatively, 2/3 of
the patients had ≤1 g of leakage on their pad test consist-
ent with being continent as per the ICS. By 30 weeks 85%
of patients fit in this category and by 54 weeks, 91%. A
study by Donnellan et al that is similar to ours in that 1
hour pad testing was performed, showed almost the iden-
tical results with 64% objectively dry at 3 months, 72% at
6 months and 84% at 1 year [13]. In our study, all patients
were instructed on pelvic floor exercises pre-operatively as
well as post-operatively and this has been shown by some
to hasten continence recovery [16] although not by others
[17]. We do not have data regarding the compliance with
the exercises which is a limitation of the study and further-
more we do not have a comparison group that was not
instructed. Filocam et al's study of pelvic floor exercises
versus no intervention showed a similar trend in conti-
nence recovery as our study with the greatest improve-
ment in incontinence occurring within the first 6 months
of surgery [16]. In fact 74% of patients performing pelvic
floor exercises were considered continent at 3 months
while 30% of patients who did not perform the exercises
were continent. Our continence rates fall somewhere in
between these 2 points and perhaps reflect the fact that
our patients did not have as comprehensive teaching in
pelvic floor exercises as their patients. It is noteworthy that
while pelvic floor exercises may have benefit with respect
to continence recovery time, they do not appear to influ-
ence continence rates at 1 year or beyond [16].
We did not incorporate a patient estimate of incontinence
severity or pad usage at home because the purpose of this
study was to specifically use an objective measure of
incontinence with the 1 hr pad test. Quantitative measure-
ment of urine leakage was introduced by James et al [18]
and ultimately developed into the 1 hour pad test by Bates
et al [10]. This was subsequently endorsed by the Interna-
tional Continence Society in 1988 [9]. Studies have been
inconclusive as to the patient's ability to estimate inconti-
nence severity with some claiming a good correlation
between pad usage and degree of incontinence [6], while
others showed a poor correlation [3,4]. There are a
number of variables that factor into this equation includ-
ing: variable pad size, degree of wetness, and patient tol-
erability of wetness resulting in more/less frequent pad
changes. Furthermore, some patients may prefer not to
use pads at all yet still experience some incontinence for
which they change their underwear/clothes; they would
be categorized as continent on the basis of lack of pad use
if that is the definition of continence, which it often is in
studies. But of course they are not technically continent.
What is clear is that continence rates vary significantly
based on the use of different definitions of incontinence
and the method of assessment (e.g. patient reported ver-
sus physician reported) [2,19]. Some have argued that
with respect to quality of life, simply asking the patient
about incontinence and the subjective severity may be as
good as or better than using a pad test to quantify incon-
tinence [20]. However, we would argue that patients expe-
rience incontinence differently and what might be
considered mild, non-problematic incontinence by one
patient may not be the same to another patient. In one
study, while 63% of patients continued to be incontinent
6 months postoperatively with a median leakage of 46 mL
on 24 hour pad testing, 71% of patients found their
incontinence to be of no or only a minor problem on
quality of life assessment [3]. The authors argue, therefore,
that the degree of bother may be the best indicator of
severity of incontinence. However, we would argue that
the attitude toward incontinence is different for different
Table 2: Percentage of Patients Within Each Incontinence Category at Different Time Points of Assessment (based on pad weights)
Incontinence Severity
Time Minimal (≤1.0 g) Mild (1.1–9.9 g) Moderate (10.0–49.9 g) Severe (≥50.0 g)
2 weeks 3% 23% 50% 24%
6 weeks 37% 23% 26% 14%
18 weeks 66% 22% 8% 4%
30 weeks 85% 9% 4% 2%
42 weeks 87% 8% 3% 2%
54 weeks 91% 5% 3% 1%BMC Urology 2007, 7:2 http://www.biomedcentral.com/1471-2490/7/2
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patients. Hence an objective measure of incontinence
severity is needed. This is evidenced by the fact that some
patients insist on frequent pad changes for minimal
incontinence while others may not even wear a pad
despite significant incontinence. Thus simply relying on
patient reported pad usage can potentially over- or under-
estimate the actual severity of the incontinence. At least
with pad weighing, one gets an absolute value as to the
degree of incontinence. However, we do agree that before
any aggressive intervention for incontinence, the degree of
bother must be taken into account; there would be no
indication for surgical intervention if the patient is not
bothered by his incontinence. Our study, therefore, is lim-
ited by this lack of subjective assessment of the degree of
bother but nevertheless does provide important objective
data.
Whether a 1-hour pad test is as reliable as a more pro-
longed pad test such as a 24 or 48 hour test is still a matter
of debate, and while some have argued that a 24 hour test
is more useful [21,22], the 1-hour pad test does require
less patient compliance because it can be done at a clinic
visit and does not burden the patient with home instruc-
tions that can easily be misinterpreted or forgotten. It has
been demonstrated that the longer the pad test is kept the
less compliant are patients [23]. Our pad test was done
following the consumption of a standard volume of fluid
but bladder volumes were not standardized. It is known
that the reliability of the 1 hour pad test can be increased
when bladder volumes are standardized [24] and there-
fore this is another limitation of our study. The limit of 1
g of leakage that we used as an indicator of continence is
based on the results in women since to our knowledge
there is no data on this in men. However, Moore et al,
using the 24 hour pad test in men who considered them-
selves continent prior to RRP, found an upper limit of 8 g/
24 hr as being a reliable indicator of continence and this
is generally considered the upper limit for continence in
women on a 24 hour pad test as well [25]. As such we
believe that the 1 g threshold for the 1 hr pad test is rea-
sonable for men.
Our ultimate goal is to be able to use continence recovery
time nomogram to help counsel patients as to the likeli-
hood of achieving continence post-RRP. A prospective
evaluation is underway looking at the predictive value of
this nomogram. If it is determined at the 3 or 6 month
time point that the likelihood of achieving continence is
extremely low, the patient may opt for more aggressive
treatment (e.g. artificial urinary sphincter, AUS) sooner
rather than later which might allow for improved quality
of life sooner rather than later. Currently, it is recom-
mended that patients wait at least 6–12 months from their
RRP before undergoing AUS placement [7]. However, if
our nomogram is accurate in its ability to predict the
achievement/failure to achieve continence, then patients
may make decisions regarding the timing of definitive
intervention based upon the probability of recovery. This
could translate into an improvement in quality of life
sooner. Because surgical skill and technique are clearly
important variables with respect to outcome [26,27], it is
probably best that surgeons review their own experience
to perhaps devise a nomogram as we have done to be bet-
ter able to counsel their patients regarding their inconti-
nence.
Conclusion
Using an objective measure of incontinence, we have
tracked continence recovery following RRP and we con-
firm the results of others that the majority of patients
experience incontinence after radical prostatectomy that
gradually improves with time. By 18–30 weeks post-oper-
ative, most patients experience minimal to no inconti-
nence. A prospective study is underway to evaluate the
ability of our nomogram to predict continence recovery. If
the predictive ability is reliable, we may be better able to
counsel patients as to the likelihood of continence recov-
ery which may allow for earlier intervention in those
patients who are unlikely to achieve satisfactory conti-
nence.
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Appendix 1
One-hour pad test
1) test is started without the patient voiding
2) preweighed pad is put on and 1-hour test period begins
3) 0–15 minute: subject drinks 500 mL of water and sits
or rests
4) 15–45 minutes: subject walks, including stair climbing
equivalent to one flight up and down
5) 45–60 minutes: subject performs the following activi-
ties:
a. Standing up from sitting, 10 times
b. Coughing vigorously, 10 times
c. Running on the spot, 1 minute
d. Bending back to pick up small object off the floor, 5
times
e. Washing hands in running water, 1 minute
6) At the end of the 1-hour test the pad is removed and
weighed
References
1. Foote J, Yun S, Leach GE: Postprostatectomy incontinence.
Pathophysiology, evaluation, and management.  Urol Clin North
Am 1991, 18:229-41.
2. Litwin MS, Lubeck DP, Henning JM, Carroll PR: Differences in urol-
ogist and patient assessment of health related quality of life
in men with prostate cancer: results of the CaPSURE data-
base.  J Urol 1998, 159:1988-92.
3. Jonler M, Madsen FA, Rhodes PR, Sall M, Messing AM, Bruskewitz RC:
A prospective study of quantification of urinary incontinence
and quality of life in patients undergoing radical retropubic
prostatectomy.  Urology 1996, 48:433-40.
4. Ryhammer AM, Laurberg S, Djurhuus JC, Hermann AP: No relation-
ship between subjective assessment of urinary incontinence
and pad test weight gain in a random population sample of
menopausal women.  J Urol 1998, 159:800-3.
5. Eastham JA, Kattan MW, Rogers E, Goad JR, Ohori M, Boone TB,
Scardino PT: Risk factors for urinary incontinence after radical
prostatectomy.  J Urol 1996, 156:1707-13.
6. Lepor H, Kaci L, Xue X: Continence following radical retropu-
bic prostatectomy using self-reporting instruments.  J Urol
2004, 171:1212-5.
7. Tse V, Stone AR: Incontinence after prostatectomy: the artifi-
cial urinary sphincter.  BJU Int 2003, 92:886-9.
8. See WA, Kreder K, Greibling T: Intussucepted vesico-urethral
anastomosis facilitates early return of continence following
radical retropubic prostatectomy.  J Urol 2000, 163(Suppl
4):143.
9. Abrams P, Blaivas JG, Stanton SL, Anderson JT: The standardiza-
tion of terminology of lower urinary tract function. The
International Continence Society Committee on Standardi-
zation of Terminology.  Scan J Urol Nephrol 1988,
114(Suppl):5-19.
10. Bates P, Bradley W, Glen E, Griffiths D, Melchior H, Rowan D, Stan-
ton S, Sterling A, Sundin T, Thomas D, Torrens M, Warwick RT, Zin-
ner N, Hald T: Fifth report on the standardization of
terminology of lower urinary tract function.  Bristol International
Society Committee on Standardization of Terminology 1983.
11. Ficazzola MA, Nitti VW: The etiology of post-radical prostatec-
tomy incontinence and correlation of symptoms with urody-
namic findings.  J Urol 1998, 160:1317-20.
12. Egawa S, Minei S, Iwamura M, Uchida T, Koshiba K: Urinary conti-
nence following radical prostatectomy.  Jpn J Clin Oncol 1997,
27:71-5.
13. Donnellan SM, Duncan HJ, MacGregor RJ, Russell JM: Prospective
assessment of incontinence after radical retropubic prosta-
tectomy: objective and subjective analysis.  Urology 1997,
49:225-30.
14. Lepor H, Kachi L: The impact of open radical retropubic pros-
tatectomy on continence and lower urinary tract symptoms:
a prospective assessment using validated self-administered
outcome instruments.  J Urol 2004, 171:1216-19.
15. Burkhard FC, Kessler TM, Fleischmann A, Thalmann GN, Schumacher
M, Studer UE: Nerve sparing open radical retropubic prostate-
ctomy – does it have and impact on urinary continence?  J Urol
2006, 176:189-95.
16. Filocam MT, Marzi VL, Del Popolo G, Cecconi F, Marzocco M, Tosto
A, Nicita G: Effectiveness of early pelvic floor rehabilitation
treatment for post-prostatectomy incontinence.  Eur Uorl
2005, 48:734-38.
17. Pannek J, Konig JE: Clinical usefulness of pelvic floor reeduca-
tion for men undergoing radical prostatectomy.  Urol Int 2005,
74:38-43.
18. James ED, Eng C, Flack FC, Caldwell KPS, Martin MR: Continuous
measurement of urine loss and frequency in incontinent
patients.  Br J Urol 1971, 43:233-7.
19. Kielb S, Dunn RL, Rashid MG, Murray S, Sanda MG, Montie JE, Wei
JT:  Assessment of early continence recovery after radical
prostatectomy: patient reported symptoms and impair-
ment.  J Urol 2001, 166:958-61.
20. Abdel-fattah M, Barrington JW, Youssef M: The standard 1-hour
pad test: does it have any value in clinical practice?  Eur Urol
2004, 46:377-80.
21. Lose G, Jorgensen L, Thunedborg P: 24-hour home pad weighing
test versus 1-hour ward test in the assessment of mild stress
incontinence.  Acta Obstet Gynecol Scand 1989, 68:211-5.
22. Matharu GS, Assassa RP, Williams KS, Donaldson M, Matthews R,
Tincello DG, Mayne CJ: Objective assessment of urinary incon-
tinence in women: comparison of the one-hour and 24-hour
pad tests.  Eur Urol 2004, 45:208-12.
23. Groutz A, Blaivas JG, Chaikin DC, Resnick NM, engleman K, Anzalone
D, Bryzinski B, Wein AJ: Noninvasive outcome measures of uri-
nary incontinence and lower urinary tract symptoms: a mul-
ticenter study of micturition diary and pad tests.  J Urol 2000,
164:698-701.
24. Lose G, Rosenkilde P, Gammelgaard J, Schroeder T: Pad-weighing
test performed with standardized bladder volume.  Urology
1988, 32:78-80.
25. Moore K, Allen M, Voaklander DC: Pad tests and self-reports of
continence in men awaiting radical prostatectomy: estab-
lishing baseline norms for males.  Neurourol Urodynam 2004,
23:623-26.
26. Fowler FJ Jr, Roman A, Barry MJ, Wasson J, Lu-Yao G, Wennberg JE:
Patient-reported complications and follow-up treatmentPublish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Urology 2007, 7:2 http://www.biomedcentral.com/1471-2490/7/2
Page 6 of 6
(page number not for citation purposes)
after radical prostatectomy. The national Medicare experi-
ence: 1988–1990 (updated june 1993.).  Urology 1993, 42:622-9.
27. Bianco FJ, Riedel ER, Begg CB, Kattan MW, Scardino PT: Variations
among high volume surgeons in the rate of complications
after radical prostatectomy: further evidence that technique
matters.  J Urol 2005, 173:2099-103.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2490/7/2/prepub